Diagrams illustrating research on discussion forum content in online education practices can assist to clarify an author's thoughts and assist with the reader's comprehension. A review of past practices in the use of diagrams to explain, demonstrate or propose research findings shows a diversity of practices emerging from naturalistic settings. The tracing of online discussions is sometimes practiced by mapping the activity of participants using peer interaction patterns through a social network analysis or by imposing a problem-solving framework as a heuristic. Other approaches include diagrams that illustrate learning outcomes from discussions rendered by parsing data against pre-defined categories such as Bloom's taxonomy. Though the approaches described in the literature here have an innovative or novel character, there is limited evidence of wider-scale uptake in the broader literature relating to analysis of online discussions. Likewise, the practice of graphic elicitation to assist in developing research findings in this area is lacking and an area for future development.
Introduction
Studies of educational practices involving online discussions have attracted attention from researchers over the past decade as they have sought to explore the value provided by this technology for both distance and blended-learning settings (Hsu, Chou, & Chang, 2011; Liu & Tsai, 2008; Suthers, Dwyer, Medina, & Vatrapu, 2010) . Since transactions in a discussion involving large undergraduate cohorts can span many weeks and consist of hundreds of postings on an individual topic (Dringus & Ellis, 2005) , analysing educational outcomes in this environment poses many challenges. Attempts have been made to develop classification systems to evaluate the content in online discussions (Chan, Hew, & Cheung, 2009; Hara, Bonk, & Angeli, 2000) . Learning styles suggested from the analysis of text practices (online discussions) have also been proposed (Knowlton, 2005) . Other areas of analytical concern about online discussions include: (a) the health of discussions (Dringus & Ellis, 2010) , (b) interaction between learners (Stevens, 2013) , (c) the development of critical thinking skills (Richardson & Ice, 2010) , and (d) knowledge-building (Schrire, 2006) .
A heuristic device sometimes used to represent learning encounters in education is the diagram (Barab, Hay, & Yamagata-Lynch, 2001; de Freitas, 2012) . The work that diagrams might do for us in online discussions is important, since we are dealing with a "fast-moving object of analysis" (Beneito-Montagut, 2011; p. 720) in online learning spaces. Can images provide useful amplification of the learning dynamics such as those emerging in online asynchronous discussions? This paper provides a review of the diagrams used in analytical work relating to online discussions. The purpose of this paper is to explore what diagrams do in the analytical practice of educational settings that involve online discussions. Locke and Daly (2006) suggest that "we inhabit a text-saturated world, in which we negotiate via a repertoire of textual practices" (p. 39). Despite this hegemony of text, in published works, visual representation serves to clarify an author's thinking and helps the reader's comprehension (Whetten, 1989) . There is however, the concern of the "pictorial assumption" (Ittleson, 1996; p. 176) : that a diagram represents reality or that reality can be reflected in a diagram. As Ittelson (1996) notes, this assumption is rarely challenged in analytical work involving images and pictures.
The employment of images in communicating information can, in part, be understood using Blackwell and Engelhardt's (2002) taxonomy. The multi-dimensional framework that they identify through their review of the literature includes: (a) the discourse resulting from the interaction of the user's cognition and the embedded social context; (b) the task interaction and the diagram itself; and (c) the mode of correspondence between the diagram and the represented information. Another useful category they propose concerns the characterisations used to represent a concept. These include: (a) a basic vocabulary -properties of each element: line, circle, arrow, colours; (b) conventional elements -word, shape, and/or picture; (c) pictorial abstraction -in resolutions ranging from a symbol to a photograph; (d) the graphic structure -a network, set of segments, and/or axes; (e) a mode of correspondence (either structurally or correspondence with represented elements, i.e. resolution) -literal, metaphoric, or arbitrary; and (f) the represented information.
Together the two elements above (context and represented information) constitute a form of diagrammatic literacy that informs the discussion below. The challenges faced by researchers and educators in providing visual displays of the results of conversations are analogous to that of the cartographer and the chronicler, since asynchronous discussions occupy time, distance and rhetorical space (Locke, 2007) . The expectation is that such images can be used to explore asynchronous conversations that include both transactional and physical distance (Bender, 2003) .
For the present review, a total of 60 papers relating to asynchronous discussions on learning management systems (LMS) were drawn from several databases (EBSCO, Science Direct and ProQuest). From those papers, 12 were identified that had a diagrammatic component and were selected for further review (see Appendix A). The contribution that diagrams made in those 12 papers was considered in the context of the area being investigated by the author(s). The use of nomograms to depict causal relationships between variables of interest (e.g., LaPointe & Gunawardena, 2004) is not addressed in this paper as these diagrams represent a conventional translation of quantitative variables showing direction and strength, rather than text-diagram synthesis, the core concern of this paper.
The diagrams in the research presented below could best be summarised as providing two key functions. They illustrate teaching practice that enables users of LMS (both teachers and students) to: (a) understand the meaning of content generated in the learning space; and (b) to show research findings to readers in some aspect of teaching practice that may illuminate the learning process. The type of problems presented to researchers in these scenarios involves: (a) making sense of large and dynamic pools of data where there are concerns about interaction; (b) understanding the dynamics of unfolding transactions as they relate to the teaching and learning process; and (c) illustrating "knowing in the making" (Barab et al., 2001; p. 64) that enables further and deeper insights into teaching and learning practice.
The diagrammatic practices described below demonstrate that a range of graphic approaches are being employed that have common features, but have been derived for diverse purposes, for example to track cognitive activity, to understand unfolding learner-learner dynamics in discussions, or track events as learning tasks are undertaken. It is noteworthy that as a practice, only one method described below has a long-standing empirically-derived claim for its employment to illustrate social interactions (social network analysis). In addition, only one of the diagramming methods described claims the rigour of being able to represent human-technology interactions faithfully (contingency graphs). Oliveira, Tinoca, and Pereira's (2011) study involved tracking two groups of master's level students in a group assignment conducted using a discussion forum to facilitate their interactions. The authors analysed the interactions of the participants and developed a four-level classification of the activities of the groups which included, (a) negotiation, (b) research, (c) conception, and (d) production. Designed as a study of collaboration in small groups with a learning task, the study highlighted contrasting performances between the groups in the final product (a term paper). The group that was said to have been more effective exhibited more supportive posting behaviour, more responses to individuals' posts and greater sharing of information. Oliveira et al.'s (2011) diagram representing "temporal dispersion and duration of both groups' patterns of work" (p. 1354) serves to illustrate the contrasting functioning of the groups. The graphic structure is a hybrid, based on an axis (time), segmented components (activity) and words. The diagram takes the role of illustrating the study (see Figure 1 below) . (Olivera, 2011) The researchers reported that the group designated Dali performed better in the analysis of the final assignment product. There are several properties of each group's performance that are highlighted by the diagram, including: (a) a later start of the negotiation phase for Matisse; (b) an earlier and longer negotiation phase for Dali; and (c) a more disruptive pattern of activities for Matisse. The diagram does the work of illustrating timing and duration in each of the author's categories of activity.
Event tracking relating to teaching and learning
Earlier work by Liu and Tsai (2008) on problem-solving in student groups took an alternative perspective. In their study, the authors employed a problem solving model -the issue-based information system (IBIS) to examine the types of interactions that students in a computer programming course might develop as they set about solving a problem within a limited time-allocation. The IBIS model suggests that student discussions might take the form of: "proposing issues, offering positions, making arguments and responses, and then showing supports or objections" (Liu & Tsai, 2008; p. 630) . Using a set structure for each small problem-solving group, the authors displayed the interactions of the participants using conventional diagram elements, adding text symbols representing programming abilities (low -L, medium -M and high -H).
A section of the interaction diagram is shown at Figure 2 for 6 of the 14 groups studied. The direction of communication and the number of positions offered is shown in the group diagrams. In this case, circles represent students and lines with arrows represent direction and position(s) offered. Considering the development of the groups and the nature of their exchanges (content analysis), the authors concluded that various categories of interaction emerged, including (Liu & Tsai, 2008) 
Learning in-the-making (i): Looking at practices
The cognitive aspects of online knowledge sharing and the structural development of online conversations was a concern of Hara et al. 's, (2000) study of a graduate level educational psychology course being taught in a blended-learning mode. They were concerned to show how structures of conversations developed through a starter-wrapper technique applied to the course readings (One student reads and asks questions about the readings on a discussion forum before a lecture [starter] ; the others comment/answer and one student [wrapper] summarises the discussion on the readings for the week). Conversations on the various forums were mapped showing the development of interactions between students. Following an early model of mapping online conversations (Howell- Richardson & Mellar, 1996) , the diagrams in the paper were used to illustrate findings about the contrasts in interaction between early starter-centred conversations and later synergistic ones. The differences are apparent by examining the structure of the discussions shown in Figures 3 and 4 below. Using Henri's (1992) content-analysis model, Hara et al. (2000) developed the conversation maps to demonstrate the impact of differing levels of interaction including: social, interactive, metacognitive and cognitive, noting that this transition was "not always as linear as Henri's (1992) model might suggest" (Hara et al., p. 123) . In Figure 3 , early in the course, the interaction pattern appears to be centred on the starter (designated "1" in the box). Two of the students make no contribution at all (isolated circles 21 and 22), while several others remain connected only at the periphery. In Figure 4 , later in the course, it is apparent that the network of interactions is more dense, less centralised and there are no isolated group members. The diagrams here are doing the work of hybridising the findings of the researchers, since they are charged with showing: (a) the researcher's perception of individual message contributions to the whole conversation, (b) who interacted with whom over time, and (c) the relative position in the conversation of each participant (and their formal or designated role). This hybridising work suggests that diagrams can help one to think with concepts and bring them together to communicate in a way that is an alternative to words alone.
Another conversation map
Citing both Hara et al.'s (2000) and Howell- Richardson & Mellar's (1996) work, Schrire's (2006) study involved an examination of interactions in an asynchronous discussion between students and their teachers based on content analysis with a group of students undertaking doctoral-level studies. The researcher set out to examine patterns of interaction, discourse and distributed cognition in the knowledge-building process being undertaken in the discussions. She took a view that discussions and the threads within them constituted a sequence of exchanges, and an individual message a "conversational turn" (p. 54). Sampling purposefully, the author selected a group of conversations from across the cohort of students that were designed to "maximise and minimise similarities and differences" (p. 56). For this study, forums were differentiated as either instructor-moderated or student-only. Schrire reviewed the length and content of each posting in relation to word count and correspondence with Bloom's (1956) and Biggs and Collis's (1982) SOLO Taxonomies, and the Practical Inquiry Model of Cognitive Presence (Garrison, Anderson, & Archer, 1999) . Interaction was reviewed using a mapping technique for the forums of interest (see Figure  5 below for two selected conversation threads) and a graphical technique (bar chart) for comparing the cognitive activity. In these figures, the instructor is designated with the heavy-lined circle. The messages in specific discussions underwent discourse analysis to establish moves described as having a function of either: demanding, giving or acknowledging. This so-called "micro level of discourse analysis" (Schrire, 2006; p .60) enabled the production of a macro-level interaction map, shown above in Figure 5 . Of particular interest in this diagram is the distinction between a synergistic discussion and an instructor-led one. A synergistic conversation (Thread 5) shows more connections between the students and other students and instructors, while an instructor-led discussion as displayed in Thread 9 shows fewer connections among each of the actors and a convergence on the instructor. Although the diagram was published as a "partial view of the interaction patterns found" (Schrire, 2006; p. 61) , some trends can be observed: (a) synergistic discussions involve interaction between more participants; and (b) instructorcentred discussions tend to have a more singular focal point (i.e. the instructor). The detailed diagrams developed in the 2006 study are referenced back for the reader to examine in her earlier 2004 study (Schrire, 2004) . A diagram from this study is included below at Figure 6 that shows a larger number of discussions and illustrates the "cluster of messages interacting with one another around sub-topics of the conference" (p. 483).
Because not all threads of conversation are re-presented as nodes in the diagram, the researcher has become the "creator of a re-creation" (Svensson, 2009; p. 181) , that serves to illustrate several patterns of discussion: 
Learning in-the-making (ii): A micro-analytic look at practices
Developing concurrently, some scholars have also concerned themselves with examining the activities and interactions (i.e. practices) of students in discussions. This examination is claimed to offer analytical insights across "actors, media, space and time" (Suthers et al., 2010; p. 2) . Their work stretches the divide between statistical analyses (designed to represent frequency and type of interaction in collaborative work) and an examination of the learner's working environment, activity (discussion forum posts, submitted work like essays and data log files) and peer-interaction(s). This empirically derived diagram -contingency graph -is sometimes displayed across a temporal axis and annotated to show direction of communication, media, and collaborators.
Contingency graphs attempt to "unify data derived from various media and interactional situations" (Suthers et al., 2010; p. 3) for example the interaction between participants in online learning activities and their technology, the teachers, and other learners. The analytical schema of the contingency graph and a generic example are shown below in Figure 7 . In the schema, uptake is said to be a distinguishable activity grounded in a manner in which "specific actions and the relationships between them" can be recognised (p. 7). A contingency provides a distinction between evidence and interpretation for analytic purposes. Examples of contingencies include (p. 14): "media dependency" (responding to a thread in a discussion), "semantic relatedness" (where two discussion threads might contain similar concepts -whether they are related is not assumed -it is considered a latent relation), or some form of "spatial organisation" (for example placing items near each other in a workspace). Figure 7 . The analytic schema (left side) and a sample of a contingency graph (right side) (Suthers et al., 2010) In articulating the contingency graph as an analytical construct, Suthers et al. (2010) go beyond the online discussion and capture a comprehensive view of the learning experiences of particular groups and individuals. The authors acknowledge that their method results in large and complex contingency mapsa reflection they say of the richness of human interaction, rather than a "limitation of the contingency graph approach" (p. 29). Figure 8 shows two individuals participating in an interaction online and using their individual graphical workspaces over time (to collaborate in building subject knowledge). Activities were tracked using video of their screens, comments or notes made on their workspaces and excerpts of text from their submitted work. Letters and numbers are used as shorthand for actions by students and the text boxes are explanations of what was done, not part of the contingency graph. What is seen here is a small slice of 180 events that took place in this encounter. This diagram is different to those described in the preceding sections because it is an attempt to faithfully illustrate the nature of the analytic device in the researcher's work. The authors, alluding to Latour's (1990) concept of non-human materials mediating practices, suggest that their work encompasses "analytic practices in studies framed by diverse and potentially incommensurate world views" (Suthers et al., 2010; p. 30) . Further, they suggest that "advances in other scientific disciplines have been accompanied with representational innovations, and shared instruments and representations mediate the daily work of scientific discourse" (p. 30). This work is done in part by diagrams.
Observing learning interactions in-motion
In contrast to the preceding studies, the next two papers represent a more operational level of analysis. Each is a tool that can be used by academic staff to observe or give feedback, and by students to assist with selfmonitoring. The diagrams that are used in these papers serve to illustrate the concept being described by the researcher, but also how the tool might be deployed to assist in the field. In that sense, the method of the researchers suggests an adapted form of graphic elicitation (Crilly, Blackwell, & Clarkson, 2006 ) not present in the other papers in this review.
TrAVis is a monitoring tool that is designed to assist students to reflect on their learning based on data that indicates their level of social, cognitive and behavioural inputs to a learning management system (May, George, & Prévôt, 2011) . TrAVis is a dashboard style of interface that offers feedback on a series of indicators based around online discussion metrics -for example the number of messages initiated or replied to, and the types of activity undertaken that might indicate learning such as browsing, reading, chatting and so on. In this case, May et al. (2011) use diagrams to provide examples of the employment of their monitoring and feedback system. These take the form of radar charts (Kiviat diagrams), with activities of interest on a variety of axes. These are offered at the individual and group levels of activity (see Figures 9 and 10 below). (May et al., 2011) In this study, feedback on the field use of the tool was sought from students and teachers. It was reported that the diagrams helped to illustrate the data that users had accessed and provided evidence that the system had met the purpose for which it was designed (student self-reflection and monitoring of different levels of interaction amongst students by teachers).
Parsing text data and giving feedback: EduMiner
Another system developed to assist in providing feedback from discussions visually can be seen in research relating to students' posts on discussion through text-mining (Hsu et al., 2011) . The researchers developed a set of algorithms related to Bloom's (1956) taxonomy and by parsing discussion data through text-mining software, they constructed a cognition circle showing each participant how their contribution varied from lower level (knowledge indicator) to higher level (evaluation indicator) outcomes.
In order to provide formative feedback on the students' work, the software developed a collective cognition circle which compared with the particular individual's outcome in the discussion. The cognition circle was generated via an application called EduMiner. The value of being able to see each individual's progress in a discussion and its potential to promote learning is made apparent in this study by including a diagram to illustrate an individual's cognition circle (see Figure 11 below). In this particular example, the analysis of the individual's contribution to the discussion, the inference could be drawn that their text showed evidence of higher levels of application and synthesis than say, analysis and evaluation. Figure 11 . A sample of an individual's cognition circle (Hsu et al., 2011) Large and dynamic pools of data: Social interaction and learning
One discipline having an increasing influence in the field of understanding student interaction with technology is that of social network analysis (SNA). Structural analysis has a long tradition dating back to early observations of social interaction of various kinds -including the observation of school children during play time (Bott, 1928; Wellman, 1926) -and has progressed from the early sketches of Jacob Moreno (1953) , to a new branch of social science that has been harnessed to understand small world concepts. SNA provides an opportunity to view the use of discussion forum technology as an exchange of messages. The method provides the researcher with a top down view of the communication network showing participants as nodes in a network. Unlike the other conversation maps described above, SNA diagrams are developed using algorithms that evolved from Moreno's socio-gram concept, enabling relationships in the structure to be mapped quantitatively by using graph theory (Freeman, 2004) . SNA has been adopted in other disciplines, such as organisational studies (Cross & Parker, 2004) , and diffusion networks (Rogers, 2003) .
At the network level, Macfadyen and Dawson (2010) reviewed the discussion forum transactions of 118 students undertaking courses of study in biology at the University of British Columbia. The purpose of the study was to develop a case for using SNA as a diagnostic tool to identify students at risk of failure or dropout. The diagrams generated provided the authors with a ready-made diagnostic tool that could highlight individuals who might be left out of important learning interactions, or others whose social position could be beneficial to their peers in the network.
In this particular case the size of nodes in Figure 12 indicates the relative number of connections of the student represented by a circle. Further, by considering the students' connections through the SNA diagram, students who were absent or peripheral to the discussions are shown. Further to the nodes presented in Figure 12 , the colours of the nodes in Figure 13 correspond with the academic results of the students positioned in a chosen network with (a) red -A, (b) orange -B, (c) yellow -C, and (d) blue/black -D or fail. The diagnostic value it is claimed is derived from the function of the online technology deployed social network adapting pedagogical practice (SNAPP) (Dawson, Bakharia, Lockyer, & Heathcote, 2011) and the analytical skills of the teacher to identify those who might be struggling and intervene and either re-direct the student into a mentoring relationship, or to take direct action in the teaching and learning process. The diagrams that emerged in the study reflected the structure of the networks that could be seen in real time by those undertaking the research. Figure 12 . Social network analysis of student conversations peer-peer and with an instructor (Macfadyen & Dawson, 2010) Figure 13. Social network analysis of student conversations centred on a particular student "S" (Macfadyen & Dawson, 2010) Similar techniques were applied by Dawson (2010) to identify the different types of networks developed during online discussions and the networks of higher and lower performing students. SNA was also employed by Stevens (2013) to illustrate the patterns of interaction among students whose posts had higher response rates in a blended learning environment.
People garden: Beauty and function?
The final example of the employment of diagrams to assist in understanding discussions is drawn from the wider literature relating to online discussions in general: People Garden (Xiong & Donath, 1999) . Addressing similar questions to those in the studies raised above but paying particular attention to the aesthetic value of the diagram, the authors of this study developed a visually striking diagram that uses a garden metaphor to identify individuals and their data profiles. (Xiong & Donath, 1999) Of those diagrams reviewed for this study, People Garden perhaps is the one that most speaks for itself. If participation is considered an indicator of discussion health, reviewing Figures 13 and 14 below helps to illustrate this in two contrasting discussions. The eye is drawn to the developing scenario presented on the left side of Figure 15 . Here, there are many conversations that have developed over time, with many correspondents. We might consider this garden prolific. The effect being demonstrated through the illustration on the right side is that of a single dominant voice, shown as a tall, mature bloom. The discussion (garden) on the right is sparsely populated and contrasts sharply with the garden (discussion) on the left. (Xiong & Donath, 1999) 
Conclusion
In illustrating the research findings of online discussions, purposes served by visual representations include results from real-time data outputs in naturalistic settings, along with post-hoc representations to facilitate analytical practices. The former includes systems that give teachers a diagnostic dashboard with reference to learning activity, including discussion posts, logins, or learning objects accessed (for example TrAVis (May et al., 2011) or GISMO (Mazza & Botturi, 2007) ). The latter has been used to illustrate social structure, critical thinking or sense-making of student-generated text (for example social network analysis through SNAPP (Macfadyen & Dawson, 2010) or EduMiner (Hsu et al., 2011) . The purposes for which these visual representations are being used are diverse, drawing from a range of disciplines and educational settings.
We are asking our diagrams to do a lot -like Tufte's (1990) description of the visualisation of information being an exercise in articulating a world portrayed "in the two-dimensionality of the endless flatlands of paper and screen" (p. 12). As an exercise in mapping experience, diagramming online discussions often depicts quantitative and qualitative data. The interplay of the diagram and words not only illustrates a method, but suggests new ways of looking at the matters of concern in the study. Much of the work of the diagrams described above takes place in the metaphoric mode of correspondence between the represented information and the subject under consideration. The notable exception to this is the contingency graph that traces minute and detailed activity along the process of learning and interaction with technology. Even so, the authors of that study acknowledged that the framework provided by a contingency graph "does not explicitly acknowledge the cultural or historical situatedness of the participants" (Suthers et al.; 2010, p. 28) . Figure 16 . The relationships between the user, the social context and the task being undertaken and interaction with the diagram (adapted from Blackwell & Engelhart, 2002) Returning to Blackwell and Engelhart's (2002) taxonomy and in the spirit with which this paper is written, Figure 16 above represents the interaction of their three key contextual elements: (a) a social context (in this case educational); (b) a cognitive process, in this case that of the researcher as user; and (c) the production of the visual itself. Absent is the viewer as interpreter -and participant -in this knowledge practice, traversing as they must between the discursive and the visual. The viewer encounters a representation of the writer's production, arranged for their consumption and consideration. In the absence of its originator, the diagram mediates the meaning of its creator and the viewer, bound in turn by their social context and their visual literacy. While Figure 16 provides a framework for the tracing of diagram conception, context and production, it is in itself the author of this paper's representation of practice -there is little correspondence with those diagrams that precede it above. In seeking to unify the material in this paper, this graphical act makes an attempt to summarise the discussion and could be read in any direction, from the start, end or middle.
Areas for future consideration in research using diagrams about online discussions might include graphic elicitation -an area conspicuously absent from the studies examined in this review. This might take the form of using SNA or contingency graphs to assist study participants articulate new or novel conceptions of their learning activity, or further extension of learning analytics provided graphically at the classroom (virtual or physical) level. LMS such as Desire2Learn (D2L, 2015) have incorporated this functionality in their systems, but an analysis of the use of this affordance does not have widespread uptake in the literature. Another area for further exploration is to build on the work presented in recent years through the examples shown above. Both the SNA diagram and the contingency graph show significant potential for further use in research practice and there is some evidence of this trend emerging in the use of SNA diagrams. Although diagramming online discussions has appeared in research practices for well over a decade now, it shares limitations noted about diagramming with the wider research community in that it "has developed independently in multiple disciplines under a number of different names, making knowledge transfer regarding this technique difficult" (Umoquit, Tso, Burchett, & Dobrow, 2011; p. 2) . This review is a modest walk-through that may stimulate further consideration of this technique in tracing online conversations as a fast-moving object of analysis.
